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Description

Background of the Invention

1. Field of the Invention

[0001] The present invention relates to a fuel cell sys-
tem and, more particularly to treatment of a combustible
gas filled in a cathode of a fuel cell in the fuel cell system
after stop of power generation.

2. Description of the Related Art

[0002] Referring to Fig. 9, a fuel cell system 39 com-
prises, as main components, a polymer electrolyte fuel
cell (PEFC) 1 provided with an anode 1a and a cathode
1c, a fuel generator 2 configured to reform a feed gas
for power generation such as a city gas or a natural gas
by addition of water to generate a hydrogen-rich fuel
gas, a water supply device 3 configured to supply water
to the fuel generator 2, a feed gas supply device 36 con-
figured to supply the feed gas to the fuel generator 2, a
combustor 4 configured to combust a fuel gas uncon-
sumed in the anode 1a of the fuel cell 1 and exhausted
therefrom, a blower 5 which is an oxidizing gas supply
device configured to supply an oxidizing gas (air) to the
fuel cell 1 and to discharge the oxidizing gas outside the
fuel cell 1, and a purge air supply device 6 configured
to supply purge air to the fuel generator 2 to perform
purging from the interior from the fuel generator 2 when
the fuel cell system 39 stops power generation.
[0003] The fuel cell system 39 is configured to gener-
ate electric power by reacting the hydrogen-rich fuel gas
supplied to the anode 1a and the air supplied to the cath-
ode 1c as the oxidizing gas within the fuel cell 1. In a
stop operation of the fuel cell system 39, finally, purging
of fuel gas passages is conducted by using the purge
air. The fuel cell system 39 is configured to carry out the
power generation operation and the stop operation un-
der the condition in which a controller 21 properly con-
trols the blower 5, the feed gas supply device 36, the
water supply device 3, the air supply device 6, etc.
[0004] In the fuel cell system 39, a cost can be re-
duced because of the absence of a nitrogen storage de-
vice, as compared to the conventional purging process
in which, when the fuel cell system stops the power gen-
eration, nitrogen, instead of the feed gas, is flowed from
a feed gas supply passage to the fuel generator and to
the fuel cell to purge the gases (e.g., fuel gas) remaining
within these components to the combustor, which treats
the purged gases.
[0005] A fuel cell system which employs such air purg-
ing technique is disclosed in WO01/97.312 (see pam-
phlet). In this fuel cell system, when the fuel cell stops
power generation, water is supplied from a water supply
device to a fuel generator to generate steam, which is
used to purge a fuel gas containing hydrogen remaining
within fuel gas passages, and thereafter, the air is flowed

from a purge air supply device to finally perform purging
from the interior of the fuel gas passages. In this fuel
cell system, hydrogen of the fuel cell is driven out by the
steam and then the air is supplied to the interior of the
fuel cell. This makes it possible to inhibit corrosion of
the passages which may be caused by water droplets
resulting from steam condensation.
[0006] An anode of a polymer electrolyte fuel cell is
typically comprised of alloy catalyst containing platinum
and ruthenium. If the anode is exposed to air as in the
conventional fuel cell system, catalyst may be oxidized
by oxygen and possibly degrade catalytic performance
(i.e., oxidization and degradation of the anode may take
place). Considering maintaining durability of the fuel cell
system, it is undesirable to fill and keep the air in the
anode when the fuel cell system stops power genera-
tion.
[0007] In order to solve this problem, when the fuel
cell system stops power generation, the fuel gas (e.g.,
hydrogen-rich fuel gas) or the feed gas (city gas or nat-
ural gas) is filled and confined in the anode of the fuel
cell to inhibit entry of the air into the anode, thereby
maintaining durability of the fuel cell.
[0008] In this method, apparently, oxidization and
degradation of the anode may be inhibited. But, if the
air (oxidizing gas) remains in the cathode after the stop
of the power generation in the fuel cell system, it flows
to the anode through a porous polymer electrolyte mem-
brane and thereby the anode may be oxidized and de-
graded. Inventors or the like considers that the cathode
is also required to be filled with the fuel gas or the feed
gas to reliably avoid oxidization and degradation of the
anode.
[0009] However, in a case where the cathode of the
fuel cell is filled with the fuel gas or the feed gas after
the stop of the power generation, the combustible feed
gas or fuel gas is discharged to atmosphere when the
air is supplied from an air supply system to the cathode
of the fuel cell at the start of a next operation of the fuel
cell.

SUMMARY OF THE INVENTION

[0010] The present invention has been developed un-
der the circumstances, and an object of the present in-
vention is to provide a fuel cell system capable of ap-
propriately treating and discharging a combustible gas
filled in a cathode of a fuel cell.
[0011] To achieve the above described object, ac-
cording to the present invention, there is provided a fuel
cell system comprising: a fuel cell configured to gener-
ate electric power using an oxidizing gas supplied to a
cathode of the fuel cell, wherein a combustible gas is
filled and kept in the cathode after stop of power gener-
ation, and is thereafter diluted by an incombustible gas
when the combustible gas is discharged to atmosphere.
Thereby, it is possible to appropriately treat the combus-
tible gas filled in the cathode of the fuel cell when the
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fuel gas is discharged.
[0012] The combustible gas in a gas mixture contain-
ing the combustible gas and the incombustible gas is
appropriately diluted to have a concentration lower than
a combustion lower limit, and the gas mixture in this di-
luted state is discharged to atmosphere.
[0013] The fuel cell system may further comprise an
oxidizing gas supply device configured to supply the ox-
idizing gas; an oxidizing gas passage through which the
oxidizing gas supplied from the oxidizing gas supply de-
vice is guided to the cathode, and the oxidizing gas un-
consumed in the cathode is discharged to atmosphere;
first and second oxidizing gas passage valves respec-
tively provided at an upstream position and a down-
stream position of the cathode in a flow of the oxidizing
gas and configured to open and close the oxidizing gas
passage; a combustible gas supply device configured
to supply the combustible gas to a portion of the oxidiz-
ing gas passage which is located between the first oxi-
dizing gas passage valve and the cathode; a diluting de-
vice configured to dilute the combustible gas purged
from the cathode to a portion of the oxidizing gas pas-
sage which is located downstream of the cathode by the
incombustible gas and to discharge the diluted combus-
tible gas to atmosphere; and a controller, wherein in a
stop operation of power generation in the fuel cell, the
controller may be configured to close the first oxidizing
gas passage valve and to supply the combustible gas
from the combustible gas supply device to the oxidizing
gas passage to allow the combustible gas to be filled in
the cathode, and to then close the second oxidizing gas
passage valve to allow the combustible gas to be kept
in the cathode, and in a start operation of the power gen-
eration in the fuel cell, the controller may be configured
to open at least the first oxidizing gas passage valve to
supply the oxidizing gas from the oxidizing gas supply
device to the cathode through the oxidizing gas passage
to purge the combustible gas filled in the cathode to the
portion of the oxidizing gas passage which is located
downstream of the cathode, and to cause the diluting
device to dilute the purged combustible gas to be dis-
charged to atmosphere. In this manner, the combustible
gas filled in the cathode can be appropriately treated. In
this case, the oxidizing gas may be used as the incom-
bustible gas.
[0014] The diluting device may include a cathode by-
pass passage configured to connect a portion of the ox-
idizing gas passage which is located upstream of the
first oxidizing gas passage valve to a portion of the ox-
idizing gas passage which is located downstream of the
second oxidizing gas passage valve, and a cathode by-
pass valve configured to open and close the cathode
bypass passage, and when the combustible gas filled
and kept in the cathode is discharged, the first and sec-
ond oxidizing gas passage valves are opened, and the
cathode bypass valve is opened to allow the combusti-
ble gas exhausted to the portion of the oxidizing gas
passage which is located downstream of the cathode to

be mixed with and diluted by the oxidizing gas flowing
through the cathode bypass passage, the diluted com-
bustible gas being discharged to atmosphere.
[0015] By adjusting passage resistance of the cath-
ode bypass passage, the flow rate of the oxidizing gas
flowing through the cathode bypass passage can be
controlled. To adjust the passage resistance, for exam-
ple, the flow rate of the oxidizing gas flowing through the
cathode bypass passage may be controlled by adjusting
an aperture diameter of a cathode bypass valve which
is the cathode bypass valve disposed in the cathode by-
pass passage.
[0016] The diluting device may include a cathode by-
pass passage configured to connect a portion of the ox-
idizing gas passage which is located upstream of the
cathode to a portion of the oxidizing gas passage which
is located downstream of the second oxidizing gas pas-
sage valve, and a dividing device disposed at a connect-
ing portion between the portion of the oxidizing gas pas-
sage which is located upstream of the cathode and the
cathode bypass passage, the dividing device being con-
figured to open and close the oxidizing gas passage and
to vary a ratio of a flow rate of the oxidizing gas flowing
through the cathode bypass passage to a flow rate of
the oxidizing gas flowing through the oxidizing gas pas-
sage as the diluting device and the first oxidizing gas
passage valve, wherein when the combustible gas filled
and kept in the cathode is discharged, the second oxi-
dizing gas passage valve may be opened and the com-
bustible gas exhausted to the portion of the oxidizing
gas passage which is located downstream of the cath-
ode may be mixed with and diluted by the oxidizing gas
flowing through the cathode bypass passage in the ratio
adjusted by the dividing device, the diluted combustible
gas being discharged to atmosphere.
[0017] The diluting device may include a combustion
air supply device configured to supply air to a flame
burner of a combustor, a cathode combustion pipe con-
figured to extend from a position of the oxidizing gas
passage between the second oxidizing gas passage
valve and the cathode and to be connected to the flame
burner, and a combustion pipe valve configured to open
and close the cathode combustion pipe, and wherein
when the combustible gas filled and kept in the cathode
is discharged, the second oxidizing gas passage valve
is closed and the combustion pipe valve is opened,
thereby allowing the combustible gas to be guided to the
flame burner through the cathode combustion pipe and
to be mixed with and diluted by the air supplied from the
combustion air supply device, the diluted combustible
gas being discharged to atmosphere. By thus utilizing
the existing combustion air supply device, the combus-
tible gas filled in the cathode is appropriately mixed with
and diluted by the air and the diluted combustible gas is
discharged to atmosphere.
[0018] In this case, the combustible gas may be intro-
duced to the flame burner during a stop period of com-
bustion in the combustor so that a combustion state of
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the flame burner is not disturbed by the supply of the
combustible gas.
[0019] The diluting device may include an exhaust
pipe through which an exhaust gas generated by com-
bustion in the combustor is guided to atmosphere, a
cathode exhaust pipe configured to extend from a posi-
tion of the oxidizing gas passage between the second
oxidizing gas passage valve and the cathode and to be
connected to the exhaust pipe, and an exhaust pipe
valve configured to open and close the cathode exhaust
pipe, and wherein when the combustible gas filled and
kept in the cathode is discharged, the second oxidizing
gas passage valve is closed and the exhaust pipe valve
is opened, thereby allowing the combustible gas to be
guided to the exhaust pipe through the cathode exhaust
pipe and to be mixed with and diluted by the exhaust
gas, the diluted combustible gas being discharged to at-
mosphere.
[0020] The diluting device may include an exhaust
pipe through which an exhaust gas generated by com-
bustion in the combustor is guided to atmosphere, the
exhaust pipe being connected to a portion of the oxidiz-
ing gas passage which is located downstream of the
second oxidizing gas passage valve, and wherein when
the combustible gas filled and kept in the cathode is dis-
charged, the second oxidizing gas passage valve is
opened, thereby allowing the combustible gas to be
guided to the exhaust pipe through the oxidizing gas
passage and to be mixed with and diluted by the exhaust
gas, the diluted combustible gas being discharged to at-
mosphere.
[0021] When the combustible gas filled in the cathode
is introduced into the exhaust pipe, the combustible gas
may be introduced into the exhaust pipe during a com-
bustion period of the combustor. Thereby, the combus-
tible gas can be introduced irrespective of the combus-
tion in the flame burner, and consequently, a process
can be simplified.
[0022] The combustor may be configured to heat a fu-
el generator configured to generate a fuel gas from a
feed gas.
[0023] The fuel cell system may further comprises a
fuel generator configured to generate a fuel gas from a
feed gas, wherein the fuel gas may be supplied from the
fuel generator to an anode of the fuel cell to generate
electric power, and the combustible gas may be one of
the feed gas and the fuel gas.
[0024] The fuel cell system may further comprise a hy-
drogen supply device configured to supply hydrogen,
wherein the hydrogen may be supplied from the hydro-
gen supply device to an anode of the fuel cell to generate
electric power, and the combustible gas may be hydro-
gen.
[0025] The above and further objects and features of
the invention will be more fully be apparent from the fol-
lowing detailed description with accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a block diagram schematically showing a
construction of a fuel cell system according to a first
embodiment of the present invention;
Fig. 2 is a block diagram schematically showing a
construction of a fuel cell system according to a sec-
ond embodiment of the present invention;
Fig. 3 is a block diagram schematically showing a
construction of a fuel cell system according to a third
embodiment of the present invention;
Fig. 4 is a cross-sectional view schematically show-
ing a combustor and its surroundings;
Fig. 5 is a block diagram schematically showing a
construction of a fuel cell system according to a
fourth embodiment of the present invention;
Fig. 6 is a block diagram schematically showing a
construction of a fuel cell system according to a fifth
embodiment of the present invention;
Fig. 7 is a block diagram schematically showing a
construction of a fuel cell system according to a
sixth embodiment of the present invention;
Fig. 8 is a block diagram schematically showing an
alternative construction of the fuel cell system ac-
cording to the sixth embodiment; and
Fig. 9 is a block diagram schematically showing a
construction of the conventional fuel cell system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Hereinafter, preferred embodiments of the
present invention will be described with reference to the
drawings.

(Embodiment 1)

[0028] Now, a first embodiment of the present inven-
tion will be described with reference to the drawings.
[0029] Fig. 1 is a block diagram schematically show-
ing a construction of a fuel cell system according to a
first embodiment of the present invention.
[0030] Referring now to Fig. 1, a fuel cell system 39
comprises, as main components, a feed gas supply de-
vice 36, a polymer electrolyte fuel cell (PEFC) 1, a fuel
generator 2, a water supply device 3, a combustor 4, a
purge air supply device 6, and a blower 5. The feed gas
supply device 36 is configured to supply a feed gas for
power generation such as a city gas or a natural gas to
the fuel generator 2 through a material supply pipe 33.
The polymer electrolyte fuel cell 1 is configured to gen-
erate electric power using a fuel gas and an oxidizing
gas (air). The fuel generator 2 is configured to reform
the feed gas by adding water to generate a hydrogen-
rich fuel gas. The water supply device 3 is configured to
supply water to the fuel generator 2. The combustor 4
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is configured to combust a fuel gas unconsumed in an
anode 1a of the fuel cell 1 and exhausted therefrom. The
purge air supply device 6 is configured to supply purge
air to the fuel generator 2 when the fuel cell system 39
stops power generation. The blower 5, which is an oxi-
dizing gas supply device, is configured to supply the ox-
idizing gas to a cathode 1c of the fuel cell 1, and to ex-
haust remaining oxidizing gas from the cathode 1c.
[0031] A gas pipe system of the fuel cell system 39
includes a cathode supply pipe 7, a cathode discharge
pipe 8, a cathode bypass pipe 9, a cathode bypass valve
10, a cathode closing device 12, a material supply pipe
33, an anode supply pipe 34, a fuel gas return pipe 35,
a return pipe valve 15, an anode bypass pipe 13, a cath-
ode feed gas supply pipe 32, and a cathode feed gas
supply device (combustible gas supply device) 11. The
air is supplied from the blower 5 to the cathode 1c of the
fuel cell 1 through the cathode supply pipe (oxidizing gas
passage) 7. The remaining air exhausted from the cath-
ode 1c of the fuel cell 1 is discharged to atmosphere
through the cathode discharge pipe 8. The cathode by-
pass pipe 9, which is a cathode bypass passage, is pro-
vided to connect the cathode supply pipe 7 to the cath-
ode discharge pipe 8 and configured to guide the air
supplied from the blower 5 to the cathode discharge pipe
8 without flowing the air through the fuel cell 1. The cath-
ode bypass valve 10 is provided in the cathode bypass
pipe 9 and configured to open and close the cathode
bypass pipe 9. The cathode closing device 12 is com-
prised of a first exit-side valve (second oxidizing gas
passage valve) 12a and a first inlet-side valve (first ox-
idizing gas passage valve) 12b configured to open and
close an exit and an inlet of the cathode 1c of the fuel
cell 1, respectively. The feed gas is supplied from the
feed gas supply device 36 to the fuel generator 2
through the material supply pipe 33. The fuel gas from
the fuel generator 2 is guided to the anode 1a of the fuel
cell 1 through the anode supply pipe 34 and a passage
switching device 14. The remaining fuel gas is exhaust-
ed from the anode 1a of the fuel cell 1 to the combustor
4 through the fuel gas return pipe 35. The return pipe
valve 15 is provided in the fuel gas return pipe 35 and
configured to open and close the fuel gas return pipe
35. The fuel gas from the fuel generator 2 is guided by
the passage switching device 14 to flow to the anode
bypass pipe 13, and guided to a portion of the fuel gas
return pipe 35 which is located downstream of the return
pipe valve 15 in a flow of the fuel gas. The cathode feed
gas supply pipe 32 is configured to connect the material
supply pipe 33 to the portion of the cathode supply pipe
7 which is located downstream of the first inlet-side
valve 12b in a flow of the feed gas: The cathode feed
gas supply device 1-1 is provided in the cathode feed
gas supply pipe 32 and configured to introduce the feed
gas into the cathode 1c.
[0032] The cathode bypass pipe 9 is configured to
connect a portion of the cathode supply pipe (oxidizing
gas passage) 7 which is located upstream of the first

inlet-side valve (first oxidizing gas passage valve) 12b
in a flow of the oxidizing gas to a portion of the cathode
discharge pipe (oxidizing gas passage) 8 which is locat-
ed downstream of the first exit-side valve (second oxi-
dizing gas passage valve) 12a. A combustible gas dilut-
ing device is formed by the cathode bypass passage 9
and the cathode bypass valve 10 configured to open and
close the cathode bypass pipe 9.
[0033] The cathode bypass valve 10, the first exit-side
valve 12a and the first inlet-side valve 12b of the cathode
closing device 12, and the return pipe valve 15 are each
formed by an electromagnetic valve. The passage
switching device 14 is formed by, for example, a three-
way valve. The cathode feed gas supply device 11 is
formed by, for example, an electromagnetic valve or a
pump.
[0034] The controller 21 is electrically connected to
the blower 5, the feed gas supply device 36, the water
supply device 3, the purge air supply device 6, the cath-
ode feed gas supply device 11, and the valves 10, 12a,
12b, 14, and 15 and configured to control these compo-
nents, thereby controlling the operation of gas supply
system of the fuel cell system 39 to be described later.
The control executed by the controller 21 is represented
by a dashed line in Fig. 1. Although not shown, the con-
troller 21 is electrically connected to sensors (a temper-
ature sensor or a flow rate meter) and configured to re-
ceive detection signals from these sensors and to prop-
erly control operations including start-up, power gener-
ation, and stop of the fuel cell system 39.
[0035] Hereinbelow, the operation of the fuel cell sys-
tem 39 in a power generation period, including a stop
operation and a start operation (start-up operation) of
power generation, will be described with reference to
Fig. 1.
[0036] During the power generation period of the fuel
cell system 39, the feed gas supplied from the feed gas
supply device 36 and the water supplied from the water
supply device 3 are reformed within the fuel generator
2 to generate a hydrogen-rich fuel gas with the temper-
ature of the fuel generator 2 kept at approximately
700°C. The fuel gas from the fuel generator 2 flows
through the passage switching device 14 provided in the
anode supply pipe 34 (which allows the anode supply
pipe 34 and the anode 1a to communicate with each
other) and into the anode 1a of the fuel cell 1. The air is
supplied from the blower 5 to the cathode 1c of the fuel
cell 1 through the cathode supply pipe 7 and the first
inlet-side valve 12b in an open position. Within the fuel
cell 1, the fuel gas (hydrogen) and the air (oxidizing gas)
are consumed to generate electric power. The fuel gas
unconsumed in the power generation of the fuel cell 1
is guided to the combustor 4 through the fuel gas return
pipe 35 and the return pipe valve 15 in an open position
and then combusted within the combustor 4 to generate
a heat source for keeping the temperature of the fuel
generator 2. The air unconsumed in the power genera-
tion of the fuel cell 1 is discharged to atmosphere
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through the cathode discharge pipe 8 and the first exit-
side valve 12a in an open position.
[0037] When the fuel cell system 39 stops power gen-
eration, the gas supply to the cathode 1c of the fuel cell
1 is controlled as described below.
[0038] The operation of the blower 5 is stopped to stop
the air supply to the cathode 1c. The cathode feed gas
supply device 11 operates to allow the feed gas (com-
bustible gas) to be guided to the portion of the cathode
supply pipe 7 which is located downstream of the first
inlet-side valve 12b through the cathode feed gas supply
pipe 32 and to be supplied to the cathode 1c of the fuel
cell 1 through this portion of the cathode supply pipe 7.
At this time, the first inlet-side valve 12b is closed and
the first exit-side valve 12a is opened. The feed gas sup-
plied to the cathode 1c purges the air remaining in the
cathode 1c so that the air is discharged to atmosphere
from the cathode 1c through the cathode discharge pipe
8. When it is determined that almost all the air remaining
in the cathode 1c has been purged, the first exit-side
valve 12a of the cathode closing device 12 is closed,
and the supply of the feed gas to the cathode 1c of the
fuel cell 1 is stopped by closing the cathode feed gas
supply device 11 in a case where the cathode feed gas
supply device 11 is formed by a valve. Since the amount
of air remaining in the cathode 1c can be known in ad-
vance, the amount of the feed gas capable of purging
almost all the air is determined based on the amount of
remaining air.
[0039] The pressure of the feed gas which exists in
the material supply pipe 33 just after an exit of the feed
gas supply device 36 has been increased by approxi-
mately 2kPa. By opening the valve, which is the cathode
feed gas supply device 11 provided in the cathode feed
gas supply pipe 32, with one end of the cathode feed
gas supply pipe 32 connected to the portion of the ma-
terial supply pipe 33 which is located just after the exit
of the feed gas supply device 36 and the other end there-
of connected to the portion of the cathode supply pipe
7 which is located downstream of the first inlet-side
valve 12b, the feed gas can be flowed from the portion
of the cathode supply pipe 7 which is located down-
stream of the first inlet-side valve 12b into the cathode
1 by utilizing an internal pressure of the feed gas. If the
pressure is insufficient to supply the feed gas, a feed
pump may be used as the cathode feed gas supply de-
vice 11 to send the feed gas under pressure to the cath-
ode 1c.
[0040] When the fuel cell system 39 stops power gen-
eration, the supply of the gases to the fuel generator 2
and to the anode 1a of the fuel cell 1 is controlled as
described below.
[0041] The passage switching device 14 forms the by-
pass passage (allowing the anode supply pipe 34 and
the anode bypass pipe 13 to communicate with each
other), and the valve 15 is closed. Thereby, the fuel gas
(hydrogen-rich gas) remaining in the anode 1a of the
fuel cell 1 is confined therein, and under this condition,

the supply of the fuel gas from the fuel generator 2 to
the anode 1a is stopped.
[0042] After the power generation has been stopped
by the above-described operation, the fuel gas (hydro-
gen-rich gas) is filled and kept in the anode 1a, and the
combustible gas (feed gas) is filled and kept in the cath-
ode 1c. As a result, it is possible to inhibit oxidization
and degradation of the anode 1a.
[0043] Following this, the water supply device 3 is op-
erated to supply the water to the fuel generator 2. The
water supplied to the fuel generator 2 is evaporated into
steam by the heat of the fuel generator 2, and the steam
drives out the hydrogen-rich fuel gas remaining in the
fuel generator 2 into the anode supply pipe 34. The fuel
gas and the steam are returned to the combustor 4 by
the passage switching device 14 through the anode by-
pass pipe 13 and the fuel gas return pipe 35 and com-
busted therein. By continuing such an operation, the
combustible gas contained in the fuel gas is diluted to
lower its concentration, and in time, the combustor 4
stops combustion, while the steam continues to be gen-
erated by the remaining heat in the fuel generator 2.
[0044] When the amount of steam generated in the
fuel generator 2 becomes sufficient to purge the hydro-
gen-rich fuel gas in the fuel generator 2, and the tem-
perature of the fuel generator 2 decreases to approxi-
mately 400°C, the supply of the water from the water
supply device 3 is stopped. Thereafter, the air is sup-
plied from the purge air supply device 6 to the fuel gen-
erator 2 to allow the steam in the fuel generator 2 to be
purged from the fuel generator 2 to the anode supply
pipe 34, and the passage switching device 14 causes
the air to return to the combustor 4 through the anode
bypass pipe 13 and the fuel gas return pipe 35. The air
is discharged from the combustor 4 to atmosphere. After
the air has completely purged the steam from the interior
of the fuel generator 2 or the interior of the pipes 34, 13,
and 35, the operation of the purge air supply device 6 is
stopped to stop the supply of the air, and thereby the
stop operation of the fuel cell system 39 is terminated.
[0045] The temperature of 400°C, which is herein
used as the reference, is set considering a predeter-
mined safety ratio to inhibit degradation of performance
which is caused by oxidization and degradation of ru-
thenium catalyst exposed to air under a high-tempera-
ture condition, assuming that a catalyst mainly contain-
ing ruthenium is used in the fuel generator 2. For this
reason, the set temperature shifts according to the safe-
ty ratio, and varies according to the type of catalyst (e.
g., nickel catalyst).
[0046] Subsequently, when the fuel cell system 39
starts the power generation (start-up operation),. the
supply of the gas to the cathode 1c of the fuel cell 1 is
controlled as described below.
[0047] The first inlet-side and exit-side valves 12b and
12a of the cathode closing device 12 and the cathode
bypass valve 10 are opened and the air starts to be sup-
plied from the blower 5 to the cathode 1c through the
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cathode supply pipe 7. The air supplied from the blower
5 flows through a passage A, i.e., from the cathode sup-
ply pipe 7 to the cathode discharge pipe 8 through the
cathode 1c of the fuel cell 1, and a passage B, i.e., from
the cathode supply pipe 7 to the cathode bypass pipe 9
to pass through the cathode bypass valve 10.
[0048] The air flowing through the passage A purges
the feed gas containing the combustible gas filled in the
cathode 1c to the cathode discharge pipe 8, along with
the air. The purged combustible gas is mixed with the
air flowing through the passage B at a point where the
cathode bypass pipe 9 is connected to the cathode dis-
charge pipe 8. As a result, the combustible gas in a gas
mixture is diluted to have a concentration lower than a
combustion lower limit, and finally discharged to outside
the fuel cell system 39 (to atmosphere).
[0049] The flow rate of the air flowing through the pas-
sage A and the flow rate of the air flowing through the
passage B are set so that the combustible gas in the
gas mixture discharged to outside the fuel cell system
39 is set to have a concentration lower than the com-
bustion lower limit. In the case of using a city gas iden-
tified by "13A" which is available in a big city such as the
feed gas, since the city gas 13A has a combustion range
of approximately 5 to 15% in a mixing ratio with respect
to the air, the concentration of the combustible gas in
the gas mixture finally discharged can be decreased to
lower than 5% by controlling setting so that the flow rate
of the air per unit time flowing through the passage B
becomes greater than twenty times as high as the flow
rate per unit of time flowing through the passage A.
Since the passage resistance of the gas mixture flowing
through the passage A is predictable, (flow rate of the
passage B per unit time) / (flow rate of the passage A
per unit time) > 20 can be set by adjusting, for example,
an aperture diameter of the valve which is the cathode
bypass valve 10 to control the resistance of the passage
B. Alternatively, the passage resistances may be con-
trolled by adjusting the lengths of the pipes of the pas-
sages A and B.
[0050] After the feed gas filled in the cathode 1c of the
fuel cell 1 has been discharged outside the fuel cell sys-
tem 39, the cathode bypass valve 10 is closed so that
the air from the blower 5 is supplied only to the cathode
1c, thereby enabling power generation to start.
[0051] When the fuel cell system 39 starts the power
generation (start-up operation), the gas supply to the an-
ode 1a of the fuel cell 1 is controlled as described below.
[0052] The passage switching device 14 operates to
form the bypass passage, and the feed gas is supplied
from the feed gas supply device 36 to the fuel generator
2 through the material supply pipe 33. The fuel gas driv-
en out from the interior of the fuel generator 2 is returned
to a flame burner 41 (see Fig. 4) of the combustor 4
through the anode bypass pipe 13 and the fuel gas re-
turn pipe 35 by the switching operation of the passage
switching device 14, and combusted therein. Simulta-
neously, the water is supplied from the water supply de-

vice 3 to the fuel generator 2. And, the fuel in the com-
bustor 4 is heated to cause the temperature of the fuel
generator 2 up to 700°C and the fuel generator 2 is kept
under the condition in which the hydrogen-rich fuel gas
can be generated from the feed gas and the steam.
[0053] When the temperature of a CO (carbon mon-
oxide) reducing portion accommodated in the fuel gen-
erator 2 reaches a stable reaction temperature and CO
contained in the fuel gas is removed to a concentration
(approximately 20ppm) which will not degrade the an-
ode 1a of the fuel cell 1, the return pipe valve 15 provided
in the fuel gas return pipe 35 is opened, and the passage
switching device 14 forms the supply passage to the an-
ode 1a (allowing the anode supply pipe 34 and the an-
ode 1a to communicate with each other), and under this
condition, the fuel gas exhausted from the fuel generator
2 is guided to the anode 1a of the fuel cell 1 through the
passage switching device 14, and the fuel gas uncon-
sumed in the anode 1a is returned to the combustor 4
through the fuel gas return pipe 35 and the return pipe
valve 15 and combusted therein. Under this condition,
the power generation can start.
[0054] As should be appreciated, when the fuel cell
system 39 starts the power generation, the incombusti-
ble oxidizing gas (e.g., air) supplied from the blower 5
flows through the passage A, i.e., from the cathode sup-
ply pipe 7 to the cathode discharge pipe 8 through the
fuel cell 1, and flows through the passage B, i.e., to the
cathode bypass pipe 9 provided with the cathode by-
pass valve 10. With the passages A and B set to have
predetermined resistances, the air flows therethrough.
[0055] When the combustible feed gas (e.g., city gas
13A) filled in the cathode 1c is purged from the cathode
1c by the air supplied from the blower 5 and flowing
through the passage A, and discharged to the cathode
discharge pipe 8 along with the air, the air flowing
through the passage B is mixed with the combustible
feed gas so that the combustible gas in the gas mixture
is diluted to have a concentration lower than the com-
bustion lower limit, and the diluted combustible gas is
discharged to atmosphere. In this manner, the combus-
tible gas filled in the cathode 1c can be appropriately
treated.
[0056] During the stop period of the power generation
in the fuel cell system 39, the feed gas can be filled and
kept in the cathode 1c of the fuel cell 1. In addition, the
combustible gas (fuel gas) is confined in the anode 1a.
This makes it possible to completely eliminate a cause
of oxidization of the catalyst of the anode 1a of the fuel
cell 1, and hence to avoid reduction of durability of the
anode 1a of the fuel cell system 39.
[0057] Further, since the stop operation and keeping
operation of the fuel cell system 39 is carried out with
the first inlet-side and exit-side valves 12b and 12a of
the cathode closing device 12 closed, the feed gas sup-
plied to the cathode 1c of the fuel cell 1 by the cathode
feed gas supply device 11 is reliably confined in the fuel
cell 1. If the feed gas is kept for a long time period under
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a stopped state of the fuel cell 1, the air from outside will
not enter the cathode 1c of the fuel cell 1. Consequently,
degradation of durability of the fuel cell system 39 can
be inhibited.

(Embodiment 2)

[0058] Fig. 2 is a block diagram schematically show-
ing a construction of a fuel cell system according to a
second embodiment of the present invention. The con-
struction of the second embodiment illustrates an alter-
nation of the cathode bypass passage in the first em-
bodiment. In Fig. 2, the same reference numerals as
those in Fig. 1 denotes the same or corresponding parts.
[0059] Referring to Fig. 2, the cathode bypass valve
10 of the first embodiment (see Fig. 1), provided in the
cathode bypass pipe 9 which is the cathode bypass pas-
sage, has been replaced by a dividing device 16 provid-
ed at a connecting portion 17 at which the cathode by-
pass pipe 9 is connected to the cathode supply pipe 7.
The dividing device 16 allows the air flowing through an
upstream cathode bypass pipe 7u to be divided into the
air flowing through a downstream cathode supply pipe
7d and the air flowing through the cathode bypass pipe
9. While the dividing device 16 is used instead of the
first inlet-side valve 12b (see Fig. 1) of the cathode clos-
ing device 12, the first exit-side valve 12a as the cathode
exit-side closing device exists in the construction in Fig.
2.
[0060] The combustible gas diluting device is formed
by the cathode bypass pipe 9 (cathode bypass passage)
connecting the portion of the cathode supply pipe 7 (por-
tion of the oxidizing gas passage which is located up-
stream of the cathode 1c) to the portion of the cathode
discharge pipe 8 (oxidizing gas passage) which is locat-
ed downstream of the first exit-side valve 12a (second
oxidizing gas passage valve), and the dividing device
16 disposed at the connecting portion 17 between the
upstream portion and the cathode bypass passage 9
and configured to open and close the cathode supply
pipe 7 instead of the first inlet-side valve (first oxidizing
gas passage valve) 12b and to vary division ratio of the
flow rate of the oxidizing gas (air) flowing through the
cathode bypass pipe 9 to the flow rate of the oxidizing
gas flowing through the oxidizing gas passage 8.
[0061] A three-way valve, capable of setting a desired
division ratio, may be used as the dividing device 16.
The dividing device 16 adjusts the ratio between the flow
rate of the air flowing through the downstream cathode
supply pipe 7d and the flow rate of the air flowing through
the cathode bypass pipe 9. The adjustment of the divi-
sion ratio made by the dividing device 16 is controlled
by the controller 21.
[0062] Hereinbelow, the operation of the fuel cell sys-
tem 39 in the power generation period, including the
stop operation and the start operation (start-up opera-
tion) of the power generation, will be described with ref-
erence to Fig. 2. The operation identical to that of the

first embodiment is briefly described.
[0063] During a time period of the power generation
of the fuel cell system 39, the fuel gas from the fuel gen-
erator 2 is supplied to the anode 1a of the fuel cell 1
through the passage switching device 14 provided in the
anode supply pipe 34. The dividing device 16 operates
so that all the air blown from the blower 5 flows to the
downstream cathode supply pipe 7d to allow this air to
be supplied to the cathode 1c of the fuel cell 1. In the
interior of the fuel cell 1, the fuel gas (hydrogen) and the
air (oxidizing gas) are consumed to generate electric
power.
[0064] When the fuel cell system 39 stops the power
generation, the gas supply to the cathode 1c of the fuel
cell 1 is controlled as described below.
[0065] The operation of the blower 5 is stopped to stop
the air supply to the cathode 1c. Then, the valve which
is the cathode feed gas supply device 11 is opened, and
the combustible feed gas is guided to the downstream
cathode supply pipe 7d through the cathode feed gas
supply pipe 32 and to the cathode 1c of the fuel cell 1
through the downstream cathode pipe 7d. At this time,
the first exit-side valve 12a is opened. The dividing de-
vice 16 operates so that the ratio of the flow rate of the
air flowing through the cathode bypass pipe 9 to the flow
rate of the air flowing through the upstream cathode sup-
ply pipe 7u is set to 1 and the ratio of the flow rate of the
air flowing through the downstream cathode supply pipe
7d to the flow rate of the air flowing through the upstream
cathode supply pipe 7u is set to 0. When it is determined
that the feed gas supplied to the cathode 1c (by the op-
eration of the cathode feed gas supply device 11 of the
first embodiment) has purged the air remaining in the
cathode 1c of the fuel cell 1, the first exit-side valve 12a
is closed and the supply of the feed gas to the cathode
1c of the fuel cell 1 is stopped by closing the cathode
feed gas supply device 11 in a case where the cathode
feed gas supply device 11 is formed by a valve.
[0066] The gas is supplied to the anode 1a of the fuel
cell 1 during the stop operation of the power generation
as in the first embodiment.
[0067] After the power generation has been stopped
by the above described operation, the fuel gas (hydro-
gen-rich gas) is filled and kept in the anode 1a and the
combustible gas (feed gas) is filled and kept in the cath-
ode 1c, thereby inhibiting oxidization and degradation
of the anode 1a.
[0068] When the fuel cell system 39 starts power gen-
eration (start-up operation), the gas supply to the cath-
ode 1c of the fuel cell 1 is controlled as described below.
[0069] The first exit-side valve 12a is opened and the
air starts to be supplied from the blower 5 to the cathode
1c through the cathode supply pipe 7. At this time, the
air supplied from the blower 5 flows through a passage
A in such a manner that the air flowing through the up-
stream cathode supply pipe 7u is divided to flow through
the downstream. cathode supply pipe 7d and through
the cathode 1c and to be discharged into the cathode
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discharge pipe 8, or flows through a passage B in such
a manner that the air flowing through the upstream cath-
ode supply pipe 7u is divided by the dividing device 16
to flow through the cathode bypass pipe 9 and to be dis-
charged into the cathode discharge pipe 8.
[0070] The air flowing through the passage A purges
the feed gas filled in the cathode 1c to the cathode dis-
charge pipe 8, along with the air. The purged feed gas
is mixed with the air flowing through the passage B at a
point where the cathode bypass pipe 9 is connected to
the cathode discharge pipe 8. As a result, the combus-
tible gas in the gas mixture is diluted to have a concen-
tration lower than the combustion lower limit, and finally
discharged to outside the fuel cell system 39 (to atmos-
phere).
[0071] The flow rate of the air flowing through the pas-
sage A and the flow rate of the air flowing through the
passage B are adjusted by the dividing device 16 in such
a manner that a ratio between these flow rates is set so
that the concentration of the combustible gas in the gas
mixture discharged outside the fuel cell system 39 be-
comes lower than the combustion lower limit.
[0072] In the case of using the city gas 13A available
in a big city as the feed gas, since the city gas 13A has
a combustion range of about 5 to 15% as a mixing ratio
with air, the concentration of the combustible gas in the
gas mixture finally discharged can be decreased to low-
er than 5% by setting the ratio in the dividing device 16
so that the flow rate of the air per unit time flowing
through the passage B becomes more than 20 times as
high as the flow rate of the air per unit time flowing
through the passage A.
[0073] After all the feed gas filled in the cathode 1c of
the fuel cell 1 has been discharged outside the fuel cell
system 39, the ratio in the dividing device 16 is set so
that all the air supplied from the blower 5 is flowed into
the downstream cathode supply pipe 7d and to the cath-
ode 1c of the fuel cell 1, thereby enabling power gener-
ation to start.
[0074] The gas is supplied to the anode 1a of the fuel
cell 1 at the start of the power generation as in the first
embodiment.
[0075] As should be appreciated from the foregoing,
when the fuel cell system 39 starts the power genera-
tion, the incombustible oxidizing gas (e.g., air) supplied
from the blower 5 is divided by the dividing device 16
provided at the connecting portion 17 to flow through the
passage A, i.e., from the cathode supply pipe 7 to the
cathode discharge pipe 8 through the cathode 1c of the
fuel cell 1, and to flow through the passage B, i.e., to the
cathode discharge pipe 8 through the cathode bypass
pipe 9. The ratio between the flow rate of the air flowing
through the passage A and the flow rate of the air flowing
through the passage B is adjusted by the dividing device
16.
[0076] When the air flowing through the passage A
purges the combustible feed gas (e.g., city gas 13A)
filled in the cathode 1c such that the feed gas is dis-

charged into the cathode discharge pipe 8 along with
the air, the feed gas is mixed with the air flowing through
the passage B so that the combustible gas in the gas
mixture is diluted to have a concentration lower than the
lower limit concentration, and in this diluted state, the
gas mixture is discharged to atmosphere. In this man-
ner, the combustible gas filled in the cathode 1c can be
appropriately treated.
[0077] During the stop period of the power generation
in the fuel cell system 39, the feed gas can be filled and
kept in the cathode 1c of the fuel cell 1. In addition, the
combustible gas (fuel gas) is confined in the anode 1a.
This makes it possible to completely eliminate a cause
of oxidization of the catalyst in the anode 1a of the fuel
cell 1, and hence to avoid reduction of durability of the
anode 1a of the fuel cell system 39.
[0078] Further, since the stop operation and keeping
operation of the fuel cell system 39 are carried out under
the condition in which the first exit-side valve 12a of the
cathode closing device 12 is closed and the upstream
cathode supply pipe 7u and the downstream cathode
supply pipe 7d are fluidically disconnected, the feed gas
supplied to the cathode 1c of the fuel cell 1 by the cath-
ode feed gas supply device 11 can be reliably confined
in the fuel cell 1, and if the feed gas is kept for a long
time period under the stopped state of the fuel cell 1, the
air will not enter the cathode 1c of the fuel cell 1. Con-
sequently, reduction of durability of the fuel cell system
39 can be inhibited.

(Embodiment 3)

[0079] Fig. 3 is a block diagram schematically show-
ing a construction of a fuel cell system according to a
third embodiment of the present invention. As shown in
Fig. 3, the piping and valve structures associated with
post-treatment of the feed gas filled in the cathode 1a
in the construction of the first embodiment (Fig. 1) have
been altered in the construction of the third embodiment.
In Fig. 3, the same reference numerals as those in Fig.
1 denote the same or corresponding parts, which will
not be further described.
[0080] In the construction shown in Fig. 3, the cathode
bypass pipe 9 and the cathode bypass valve 10 (see
Fig. 1) of the first embodiment have been replaced by a
cathode combustion pipe 19 configured to branch from
a position of the cathode discharge pipe 8 which is lo-
cated upstream of the first exit-side valve 12a and to be
connected to the combustor 4 (more specifically, a flame
burner 41 of the combustor 4 in Fig. 4), and a combus-
tion pipe valve 20 provided in the cathode combustion
pipe 19 and configured to start and stop air supply to the
cathode combustion pipe 19. For example, an electro-
magnetic valve is used as the combustion pipe valve 20
and controlled by the controller 21.
[0081] A combustion fan (combustion air supply de-
vice) 18 in Fig. 3 is connected to the combustor 4 and
configured to supply air for heating the fuel generator 2
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to the flame burner 41 of the combustor 4.
[0082] The combustible gas diluting device is formed
by the combustion fan (combustion air supply device)
18 configured to supply the air to the flame burner 41 of
the combustor 4, the cathode combustion pipe 19 ex-
tending from the position of the cathode discharge pipe
(oxidizing gas passage) 8 between the first exit-side
valve (second oxidizing gas passage opening and los-
ing device) 12a and the cathode 1c and connected to
the flame burner 41, and the combustion pipe valve 20
configured to open and close the cathode combustion
pipe 19.
[0083] Hereinafter, an operation of the fuel cell system
39, including a stop operation and a start operation
(start-up operation) of the power generation in the fuel
cell system 39 will be described in detail. The operation
of the fuel cell system 39 in a power generation period
is similar to that of the first embodiment, and will not be
further described.
[0084] In the stop operation of the fuel cell system 39,
the gas supply to the cathode 1c of the fuel cell 1 is con-
trolled as described below.
[0085] The operation of the blower 5 is stopped to stop
the air supply to the cathode 1c of the fuel cell 1. The
feed gas containing the combustible gas flows through
the cathode feed gas supply pipe 32 and is guided by
the cathode feed gas supply device 11 to the portion of
the cathode supply pipe 7 which is located downstream
of the first inlet-side valve 12b, and to the cathode 1c of
the fuel cell 1 through this portion of the cathode supply
pipe 7 (corresponding to the operation of the cathode
feed gas supply device 11 of the first embodiment). At
this time, the first inlet-side and exit-side valves 12b and
12a are closed and the combustion pipe valve 20 is
opened. By the feed gas supplied to the cathode 1c, the
air remaining in the cathode 1c of the fuel cell 1 is purged
therefrom flow through the combustion pipe valve 20
and the cathode combustion pipe 19 and discharged
from the combustor 4 to outside. When it is determined
that almost all the air remaining in the cathode 1c has
been discharged, the combustion pipe valve 20 is
closed and the supply of the feed gas to the cathode 1c
of the fuel cell 1 is stopped by closing the cathode feed
gas supply device 11.
[0086] The gas supply to the anode 1a of the fuel cell
1 during the stop operation of power generation is sim-
ilar to that of the first embodiment.
[0087] After the fuel cell system 39 has stopped power
generation by the above described operation, the fuel
gas (hydrogen-rich gas) is filled and kept in the anode
1a, and the combustible gas (feed gas) is filled and kept
in the cathode 1c, thereby inhibiting oxidization and deg-
radation of the anode 1a.
[0088] When the fuel cell system 39 starts power gen-
eration (start-up operation), the gas supply to the cath-
ode 1c of the fuel cell 1 is controlled as described below.
[0089] The first inlet-side valve 12b and the combus-
tion pipe valve 20 are opened, and the first exit-side

valve 12a is closed. Under this condition, the air starts
to be supplied from the blower 5 to the cathode 1c of the
fuel cell 1 through the cathode supply pipe 7. The air
supplied from the blower 5 purges the combustible feed
gas filled in the cathode 1c. That is, the feed gas is dis-
charged into the cathode discharge pipe 8 along with
the air flowing from the cathode supply pipe 7 to the
cathode discharge pipe 8 through the cathode 1c of the
fuel cell 1. Then, the discharged feed gas flows to the
flame burner 41 of the combustor 4 through the com-
bustion pipe valve 20 and the cathode combustion pipe
19.
[0090] With reference to Fig. 4, the internal construc-
tion of the combustor 4 and then, how the combustible
gas (feed gas) filled in the cathode 1c is post-treated in
the combustor 4, will be described.
[0091] The cathode combustion pipe 19 is connected
to a first connecting port 44 of the combustor 4 so that
the gas flowing through the cathode combustion pipe 19
is guided to the flame burner 41 of the combustor 4. Like-
wise, the combustion fan 18 is connected to a second
connecting port 45 of the combustor 4 so that the air is
guided to the flame burner 41 of the combustor 4. A com-
bustion tube 40 is provided to cover the flame burner
41. An exhaust pipe 23 is provided on a side surface of
the combustion tube 40, and the exhaust gas (gas con-
taining nitrogen as main component) generated by com-
bustion in the flame burner 41 is discharged to outside
(atmosphere) through the exhaust pipe 23. An auxiliary
material supply pipe 22 (see Fig. 5) configured to branch
from a position of the material supply device 33 and a
fuel gas return pipe 35 are connected to a third connect-
ing port 46 of the combustor 4 to allow the feed gas or/
and the fuel gas flowing through these pipes 22 and 35
to be guided to and combusted in the flame burner 41
to heat the fuel generator 2.
[0092] In the third embodiment, since the feed gas
filled in the cathode 1c is supplied to the flame burner
41, a combustion state is undesirably disturbed by the
supply of the feed gas to the flame burner 41 if the com-
bustion in the flame burner 41 starts before the post-
treatment of the feed gas is completed. For this reason,
the supply of the feed gas to the flame burner 41 starts
before the combustion in the flame burner 41 starts. Af-
ter all the feed gas filled in the cathode 1c has been sent
to and treated in the combustor 4 and discharged to out-
side, the combustion in the flame burner 41 starts. A
flame rod 42 which is capable of detecting an ion current
flowing through the flame during the combustion or a
thermocouple 43, is equipped in the flame burner 41,
and the controller 21 monitors whether or not the flame
burner 41 is conducting combustion, based on a detec-
tion signal from the flame rod 41 or the thermocouple 43.
[0093] The feed gas filled in the cathode 1c is treated
in the above constructed combustor 4.
[0094] The feed gas filled in the cathode 1c is purged
therefrom by the air supplied from the blower 5 to flow
into the cathode combustion pipe 19, and is supplied to
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the flame burner 41 through the first connecting port 44
of the combustor 4. Simultaneously, the air from the
combustion fan 18 is supplied to the flame burner 41
through the second connecting port 45. As a result, the
feed gas flowing through the cathode combustion pipe
19 and the air from the combustion fan 18 are mixed
with each other in the flame burner 41 of the combustor
4 so that the combustible gas in the gas mixture is dilut-
ed to have a concentration lower than the combustion
lower limit, and then the resulting gas mixture is dis-
charged to outside the fuel cell system 39.
[0095] In this case, the controller 21 controls the flow
rate of the blower 5 and the flow rate of the combustion
fan 18 so that the concentration of the combustible gas
in the flame burner 41 becomes lower than the lower
limit concentration. In the case of using the city gas 13A
available in a big city as the feed gas, since the city gas
13A has a combustion range of approximately 5 to 15%
in a mixing ratio with respect to the air, the concentration
of the combustible gas in the gas mixture finally dis-
charged can be decreased to lower than 5% by control-
ling setting so that the flow rate of the air supplied from
the combustion fan 18 becomes more than twenty times
as high as the flow rate of the air supplied from the blow-
er 5. After all the feed gas filled in the cathode 1c of the
fuel cell 1 has been discharged to outside the fuel cell
system 39 while being diluted to have a concentration
lower than the combustion lower limit, the combustion
pipe valve 20 is closed.
[0096] Thereafter, the series of operations of the fuel
cell system 39 are carried out to start power generation.
These operations are identical to those of the first em-
bodiment.
[0097] In the power generation the fuel cell system 39,
an incombustible oxidizing gas (e.g., air) supplied from
the blower 5 purges the combustible feed gas (e.g., city
gas 13A) filled in the cathode 1c to the flame burner 41
of the combustor 4, along with the oxidizing gas, and the
incombustible oxidizing gas (e.g., air) from the combus-
tion fan 18 is supplied to the flame burner 41 of the com-
bustor 4 so that these gases are mixed with each other
in the combustor 4. In this case, by adjusting the flow
rate of the air supplied from the blower 5 and the flow
rate of the air supplied from the combustion fan 18, the
combustible gas in the gas mixture can be diluted to
have a concentration lower than the combustion lower
limit concentration, and in this diluted state, the gas mix-
ture can be discharged to atmosphere. In this manner,
the combustible gas filled in the cathode 1c can be ap-
propriately post-treated.
[0098] During the stop period of the power generation
of the fuel cell system 39, the feed gas is confined in the
cathode 1c of the fuel cell 1. In addition, the combustible
gas (fuel gas) is filled and confined in the anode 1a. This
makes it possible to completely eliminate a cause of ox-
idization of the catalyst in the anode 1a of the fuel cell
1, and hence to avoid reduction of durability of the anode
1a of the fuel cell system 39.

[0099] Further, since the stop operation and keeping
operation of the fuel cell system 39 are carried out with
the first exit-side and inlet-side valves 12a and 12b of
the cathode closing device 12 closed and the combus-
tion pipe valve 20 closed, the feed gas supplied to the
cathode 1c of the fuel cell 1 by the cathode feed gas
supply device 11 can be reliably confined in the fuel cell
1, and if the feed gas is kept for a long time period under
the stopped state of the fuel cell 1, the air will not enter
the cathode 1c of the fuel cell 1. Consequently, reduction
of durability of the fuel cell system 39 can be inhibited.

(Embodiment 4)

[0100] Fig. 5 is a block diagram schematically show-
ing a construction of a fuel cell system according to a
fourth embodiment of the present invention. The fourth
embodiment illustrates an alternation of the piping in the
third embodiment. In Fig. 5, the same reference numer-
als as those in Fig. 3 denote the same or corresponding
parts, which will not be further described:
[0101] Referring to Fig. 5, in the construction of the
fifth embodiment, the cathode combustion pipe 19 (see
Fig. 3 of the third embodiment) connecting the portion
of the cathode discharge pipe 8 which is located up-
stream of the first exit-side valve 12a to the combustor
4 has been replaced by a cathode exhaust pipe 25 ex-
tending from a position of the cathode discharge pipe 8
which is located upstream of the first exit-side valve 12a
and connected to the exhaust pipe 23 (see Fig. 4), and
an exhaust pipe valve 26 is provided in the cathode ex-
haust pipe 25 and configured to control start and stop
of the air supply. Also, the cathode feed gas supply pipe
32 (see Fig. 3 of the third embodiment) connecting the
portion of the material supply pipe 33 which is located
just after the exit of the feed gas supply device 36 to the
portion of the cathode supply pipe 7 which is located
downstream of the first inlet-side valve 12b has been
replaced by a cathode fuel supply pipe 49 connecting
the anode supply pipe 34 which is located just after the
exit of the fuel generator 2 to the portion of the cathode
supply pipe 7 which is located downstream of the first
inlet-side valve 12b. In addition, the cathode feed gas
supply device 11 (see Fig. 3) provided in the cathode
feed gas supply pipe 32 has been replaced by a cathode
fuel supply device (combustible gas supply device) 24
provided in the cathode fuel supply pipe 49. Further, an
auxiliary material supply pipe 22 is provided to branch
a position of the material supply pipe 33 and configured
to guide the feed gas to the flame burner 41 of the com-
bustor 4.
[0102] The combustible gas diluting device is formed
by the exhaust pipe 23 through which the exhaust gas
generated by combustion in the combustor 4 is dis-
charged to atmosphere, the cathode exhaust pipe 25
extending from a position of the cathode discharge pipe
(oxidizing passage) 8 which is the oxidizing gas pas-
sage between the first exit-side valve (second oxidizing
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gas passage valve) 12a and the cathode 1c and con-
nected to the flame burner 41, and the exhaust pipe
valve 26 configured to open and close the cathode ex-
haust pipe 25.
[0103] Hereinafter, the operation of the fuel cell sys-
tem 39 in a power generation period, including the stop
operation and the start operation (start-up operation) will
be described with reference to Figs. 4 and 5. It will be
appreciated that the operation identical to that of the
third embodiment will not be further described.
[0104] During the power generation period of the fuel
cell system 39, the feed gas supplied from the feed gas
supply device 36 and the water supplied from the water
supply device 3 are reformed within the fuel generator
2 to generate a hydrogen-rich fuel gas, with the temper-
ature of the fuel generator 2 kept at approximately
700°C. The fuel gas from the fuel generator 2 flows
through the passage switching device 14 provided in the
anode supply pipe 34, and is supplied to the anode 1a
of the fuel cell 1 (under the condition in which the pas-
sage switching device 14 allows communication be-
tween the anode supply pipe 34 and the anode 1a). The
air from the blower 5 is supplied to the cathode 1c of the
fuel cell 1 through the cathode supply pipe 7 and the first
inlet-side valve 12b in an open position. Within the fuel
cell 1, the fuel gas (hydrogen) and the air (oxidizing gas)
are consumed to generate electric power. The fuel gas
unconsumed in the power generation of the fuel cell 1
is sent to the combustor 4 through the fuel gas return
pipe 35 and the return pipe valve 15 in an open position,
and combusted therein to produce a heat source for
keeping the temperature of the fuel generator 2. If the
remaining fuel gas from the fuel cell 1 is insufficient to
keep the temperature of the fuel generator 2 appropri-
ately, then the feed gas is additionally supplied to the
flame burner 41 of the combustor 4 through the auxiliary
material supply pipe 22, and the air is supplied from the
combustion fan 18 to the flame burner 41 while adjusting
the flow rate of the air to allow the added feed gas to be
stably combusted. Meanwhile, the air unconsumed in
the power generation of the fuel cell 1 is discharged to
atmosphere through the cathode discharge pipe 8 and
the first exit-side valve 12a in an open position.
[0105] Subsequently, in the stop operation of the pow-
er generation in the fuel cell system 39, the gas supply
to the cathode 1c of the fuel cell 1 is controlled as de-
scribed below.
[0106] The operation of the blower 5 is stopped to stop
the air supply to the cathode 1c of the fuel cell 1. And,
the cathode fuel supply device 24 operates to guide the
fuel gas containing the combustible gas to the portion
of the cathode supply pipe 7 which is located down-
stream of the first inlet·side valve 12b through the cath-
ode fuel supply pipe 49, and to the cathode 1c of the
fuel cell 1 through the cathode supply pipe 7. At this time,
the exit-side and inlet-side valves 12a and 12b are
closed and the exhaust pipe valve 26 is opened. The
fuel gas supplied to the cathode 1c purges the air re-

maining in the cathode 1c of the fuel cell 1 through the
exhaust pipe valve 26 and the cathode exhaust pipe 25
to the exhaust pipe 23, from which the air and the fuel
gas are discharged. When it is determined that all the
remaining air has been discharged, the exhaust pipe
valve 26 is closed, and the supply of the fuel gas to the
cathode 1c of the fuel cell 1 is stopped by closing the
cathode fuel supply device 24.
[0107] The fuel gas existing just after the exit of the
fuel generator 2 has an increased pressure. By opening
the valve which is the cathode fuel supply device 24 lo-
cated in the cathode fuel supply pipe 49 with one end of
the cathode fuel supply pipe 49 connected to the anode
supply pipe 34 just after the exit of the fuel generator 2
and the other end connected to the portion of the cath-
ode supply pipe 7 which is located downstream of the
first inlet-side valve 12b, the fuel gas can be guided to
the portion of the cathode supply pipe 7 which is located
downstream of the first inlet-side valve 12b and to the
cathode 1c by utilizing an internal pressure of the fuel
gas. If the pressure of the fuel gas being supplied is de-
ficient, the fuel gas may be supplied to the cathode 1c
under pressure by using a feed pump as the cathode
fuel supply device 24.
[0108] In this case, as the fuel gas filled in the cathode
1c, the hydrogen-rich gas (e.g., gas having a content of
80% hydrogen) may be used.
[0109] The gas supply to the anode 1a of the fuel cell
1 in the stop operation is performed as in the first em-
bodiment.
[0110] After the power generation has been stopped
by the above described operation, the fuel gas (hydro-
gen-rich gas) is filled and kept in the anode 1a, and the
combustible gas (hydrogen-rich fuel gas) is filled and
kept in the cathode 1c, thus inhibiting oxidization and
degradation in the anode 1a.
[0111] When the fuel cell system 39 starts the power
generation (start-up operation), the gas supply to the
cathode 1c of the fuel cell 1 is controlled as described
below.
[0112] The first inlet-side valve 12b and the exhaust
pipe valve 26 are opened and the first exit·side valve
12a is closed. In this state, the air starts to be supplied
from the blower 5 to the cathode 1c through the cathode
supply pipe 7. The oxidizing gas (air) supplied from the
blower 5 purges the combustible fuel gas filled in the
cathode 1c. The fuel gas is discharged to the cathode
discharge pipe 8 along with the air flowing from the cath-
ode supply pipe 7 into the cathode discharge pipe 8
through the cathode 1c of the fuel cell 1. The discharged
fuel gas flows to the exhaust pipe 23 through the ex-
haust pipe valve 26 and the cathode exhaust pipe 25.
[0113] With reference to Fig. 4, the post-treatment of
the combustible gas (fuel gas) filled in the cathode 1c in
the exhaust pipe 23 will be described. The configuration
already described in the third embodiment will be omit-
ted.
[0114] In the fourth embodiment, the fuel gas filled in
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the cathode 1c is guided to the exhaust pipe 23. In this
manner, the fuel gas can be supplied to the exhaust pipe
23 during a combustion period of the flame burner 41,
and mixed with the exhaust gas containing incombusti-
ble nitrogen as main component in the exhaust pipe 23
so that the combustible gas in the gas mixture is diluted
to have a concentration lower than the combustion lower
limit, and discharged to atmosphere. Therefore, in the
post-treatment of the fuel gas in the exhaust pipe 23, it
is not necessary to delay a start time of combustion in
the flame burner 41 as compared to the third embodi-
ment, and a process of the post-treatment of the fuel
gas can be simplified.
[0115] In this case, the controller 21 controls the flow
rate of the oxidizing gas (air) supplied from the blower
5 and the flow rate of the exhaust gas generated in the
flame burner 41 so that the concentration of the com-
bustible gas in the exhaust pipe 23 becomes lower than
the combustion lower limit. For example, in the case of
hydrogen mainly contained in the fuel gas, since hydro-
gen has a combustion range of about 4 to 75% which is
a mixing ratio with air, the concentration of the combus-
tible gas in the gas mixture finally discharged can be
decreased to lower than 4% by controlling setting so that
the flow rate of the air supplied from the blower 5 be-
comes lower than 1/25 as much as the amount of the
exhaust gas generated by the combustion in the flame
burner 41.
[0116] After all the feed gas filled in the cathode 1c
has been discharged outside the fuel cell system 39
while being diluted so that the concentration of the com-
bustible gas becomes lower than the combustion lower
limit, the exhaust pipe valve 26 is closed.
[0117] Thereafter, for starting power generation, the
series of operations of the fuel cell system 39 are carried
out in the same manner described in the first embodi-
ment.
[0118] As described above, when the fuel cell system
39 starts power generation, the incombustible oxidizing
gas (e.g., air) supplied from the blower 5 purges the
combustible fuel gas (e.g., hydrogen-rich gas) filled in
the cathode 1c to the exhaust pipe 23, and the exhaust
gas mainly containing nitrogen generated in the com-
bustion of the flame burner 41 of the combustor 4 is guid-
ed to the exhaust pipe 23 to allow these gases to be
mixed therein. By adjusting the flow rate of the air sup-
plied from the blower 5, the combustible gas in the gas
mixture can be diluted to have a concentration lower
than the combustion lower limit, and in this diluted state,
the gas mixture can be discharged to atmosphere. In
this manner, the combustible gas filled in the cathode
1c can be appropriately treated.
[0119] During the stop period of the power generation
of the fuel cell system 39, the fuel gas is confined in the
cathode 1c of the fuel cell 1. In addition, the combustible
gas (fuel gas) is filled in the anode 1a. This makes it
possible to completely eliminate a cause of oxidization
of the catalyst in the anode 1a of the fuel cell 1, and

hence to avoid reduction of durability of the anode 1a of
the fuel cell system 39.
[0120] Further, since the stop operation and keeping
operation of the fuel cell system 39 are carried out with
the first exit-side and inlet-side valves 12a and 12b of
the cathode closing device 12 closed and the exhaust
pipe valve 26 closed, the fuel gas supplied to the cath-
ode 1c of the fuel cell 1 by the cathode fuel supply device
24 can be reliably confined in the fuel cell 1, and if the
fuel gas is kept for a long time period under the stopped
state of the fuel cell 1, the air will not enter the cathode
1c of the fuel cell 1. Consequently, reduction of durability
of the fuel cell system 39 can be inhibited.

(Embodiment 5)

[0121] Fig. 6 is a block diagram schematically show-
ing a construction of a fuel cell system according to a
fifth embodiment of the present invention. The fifth em-
bodiment illustrates an alternation of piping of the cath-
ode exhaust pipe in the fourth embodiment. In Fig. 6,
the same reference numerals as those in Fig. 5 denote
the same or corresponding parts, which will not be fur-
ther described.
[0122] Referring to Fig. 6, the construction (see Fig.
5 of the fourth embodiment) in which the cathode ex-
haust pipe 25 branching from a position of the cathode
discharge pipe 8 which is located upstream of the first
exit-side valve 12a and connected to the exhaust pipe
23 has been replaced by the construction in which the
cathode discharge pipe 8 which is the oxidizing gas pas-
sage is directly connected to the exhaust pipe 23. Also,
the exhaust pipe valve 26 provided in the cathode ex-
haust pipe 25 and configured to control start and stop
of the air supply to the cathode exhaust pipe 25 has
been eliminated in the construction of Fig. 6. Since the
exhaust pipe valve 26 or the cathode exhaust pipe 25
can be omitted, the gas supply pipe system can be sim-
plified as compared to the fourth embodiment.
[0123] The combustible gas diluting device is formed
by connecting the exhaust pipe 23 through which the
exhaust gas generated by the combustion in the com-
bustor 4 is guided to atmosphere to the portion of the
cathode discharge pipe (oxidizing gas passage) 8 which
is located downstream of the first exit-side valve (sec-
ond oxidizing gas passage valve) 12a.
[0124] Hereinbelow, an operation of the fuel cell sys-
tem 39, including a stop operation and a start operation
(start-up operation)of the power generation will be de-
scribed in detail with reference to Fig. 6. The operation
of the fuel cell system 39 during a power generation pe-
riod is identical to that of the first and fourth embodiment,
and will not be further described.
[0125] During the stop operation of the fuel cell sys-
tem 39, the gas supply to the cathode 1c of the fuel cell
1 is controlled as described below.
[0126] The operation of the blower 5 is stopped to stop
the air supply to the cathode 1c of the fuel cell 1. And,
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as already described in the fourth embodiment, the cath-
ode fuel supply device 24 guides the fuel gas containing
the combustible gas to the portion of the cathode supply
pipe 7 which is located downstream of the inlet-side
valve 12b through the cathode fuel supply pipe 49, and
to the cathode 1c of the fuel cell 1 through the cathode
supply pipe 7. At this time, the first inlet-side valve 12b
is closed and the first exit-side valve 12a is opened. The
fuel gas supplied to the cathode 1c purges the air re-
maining in the cathode 1c of the fuel cell 1 through the
first exit-side valve 12a and the cathode discharge pipe
8, and the air is discharged outside from the exhaust
pipe 23. When it is determined that all the remaining air
has been discharged, the first exit-side valve 12a is
closed and the supply of the fuel gas to the cathode 1c
of the fuel cell 1 is stopped by closing the cathode fuel
supply device 24.
[0127] In the fifth embodiment, as the fuel gas filled in
the cathode 1c, the hydrogen-rich gas (e.g., gas having
a content of 80% hydrogen) may be used.
[0128] The gas is supplied to the anode 1a of the fuel
cell 1 in the stop operation as in the first embodiment.
[0129] After the power generation has been stopped
by the above described operation, the fuel gas (hydro-
gen-rich gas) is filled and kept in the anode 1a, and the
combustible gas (hydrogen-rich fuel gas) is filled and
kept in the cathode 1c, thereby inhibiting oxidization and
degradation of the anode 1a.
[0130] When the fuel cell system 39 starts power gen-
eration (start-up operation), the gas supply to the cath-
ode 1c of the fuel cell 1 is controlled as described below.
[0131] The first inlet-side valve 12b and the first exit-
side valve 12a are closed. Under this condition, the air
starts to be supplied from the blower 5 to the cathode
1c through the cathode supply pipe 7. The oxidizing gas
(air) supplied from the blower 5 purges the combustible
fuel gas filled in the cathode 1c into the cathode dis-
charge pipe 8. That is, the fuel gas is discharged into
the exhaust pipe 23 through the cathode discharge pipe
8 along with the air flowing from the cathode supply pipe
7 to the cathode discharge pipe 8 through the cathode
1c of the fuel cell 1.
[0132] The treatment of the combustible gas (fuel
gas) filled in the cathode 1c in the exhaust pipe 23 is
identical to that of the fourth embodiment.
[0133] As described above, when the fuel cell system
39 starts power generation, the incombustible oxidizing
gas (e.g., air) supplied from the blower 5 purges the
combustible fuel gas (e.g., hydrogen-rich fuel gas) filled
in the cathode 1c into the exhaust pipe 23, and the ex-
haust gas mainly containing nitrogen generated in the
combustion of the flame burner 41 of the combustor 4
is guided to the exhaust pipe 23 to allow these gases to
be mixed therein. In this case, by adjusting the flow rate
of the air supplied from the blower 5, the combustible
gas in the gas mixture can be diluted to have a concen-
tration lower than the combustion lower limit, and in this
diluted state, the gas mixture can be discharged to at-

mosphere. In this manner, the combustible gas filled in
the cathode 1c can be appropriately post-treated.
[0134] During the stop period of the power generation
of the fuel cell system 39, the fuel gas is filled and kept
in the cathode 1c of the fuel cell 1. In addition, the com-
bustible gas (fuel gas) is filled in the anode 1a. This
makes it possible to completely eliminate a cause of ox-
idization of the catalyst in the anode 1a of the fuel cell
1, and hence to avoid reduction of durability of the anode
1a of the fuel cell system 39.
[0135] Further, since the stop operation and keeping
operation of the fuel cell system 39 is carried out with
the first exit-side and inlet-side valves 12a and 12b of
the cathode closing device 12 closed, the fuel gas sup-
plied to the cathode 1c of the fuel cell 1 by the cathode
fuel supply device 24 can be reliably confined in the fuel
cell 1, and if the fuel gas is kept for a long time period
under the stopped state of the fuel cell 1, the air will not
enter the cathode 1c of the fuel cell 1. Consequently,
reduction of durability of the fuel cell system 39 can be
inhibited.

(Embodiment 6)

[0136] Fig. 7 is a block diagram schematically show-
ing a construction of a fuel cell system according to a
six embodiment of the present invention. The sixth em-
bodiment illustrates an alternation of gas supply system
of the fuel cell system 39 of the first embodiment. In Fig.
7, the same reference numerals as those in Fig. 1 de-
note the same or corresponding parts, which will not be
further described.
[0137] Referring to Fig. 7, the fuel cell system 39 com-
prises a polymer electrolyte fuel cell 1, a hydrogen sup-
ply device 47, a hydrogen return pump 29, an anode
closing device 30, a blower 5, a cathode bypass pipe
(cathode bypass passage) 9, a cathode bypass valve
10, a cathode closing device 12, and a cathode hydro-
gen supply device (combustible gas supply device) 31.
The fuel cell 1 is configured to generate electric power
using hydrogen and an oxidizing gas (air). The hydrogen
supply device 47 includes a hydrogen tank 27 that
stores hydrogen as a fuel gas and a hydrogen supply
pump 28 which pumps to supply hydrogen from the hy-
drogen tank 27 to the anode 1a of the fuel cell 1 through
the hydrogen supply pipe 37. The hydrogen return pump
29 is configured to pump to cause remaining hydrogen
exhausted from the anode 1a to a hydrogen exhaust
pipe 38 to return to the fuel cell 1. The anode closing
device 30 includes a second inlet-side valve 30a and a
second exit-side valve 30b configured to open and close
inlet and exit of the anode 1a of the fuel cell 1. The blow-
er 5 is configured to supply the air which is the oxidizing
gas to the cathode 1c of the fuel cell 1 through the cath-
ode supply pipe 7 which is the oxidizing gas passage
and to discharge the remaining air from the cathode 1c
to the cathode discharge pipe 8 which is the oxidizing
gas passage. The air supplied from the blower 5 is guid-

25 26



EP 1 542 303 A2

15

5

10

15

20

25

30

35

40

45

50

55

ed into the cathode discharge pipe 8 through the cath-
ode bypass pipe (cathode bypass passage) 9 without
flowing through the fuel cell 1. The cathode bypass valve
10 is provided in the cathode bypass pipe 9 and config-
ured to open and close the pipe 9. The cathode closing
device 12 includes a first inlet-side valve (first oxidizing
gas passage valve) 12b and a first exit-side valve (sec-
ond oxidizing gas passage valve) 12a configured to
open and close an inlet and an exit of the cathode 1c of
the fuel cell 1. The cathode hydrogen supply device 31
is configured to supply hydrogen to the cathode 1c of
the fuel cell 1 through a cathode hydrogen supply pipe
48.
[0138] The combustible gas diluting device is formed
by the cathode bypass pipe (cathode bypass passage)
9 connecting the portion of the cathode supply pipe 7
which is located upstream of the first-inlet side valve
(first oxidizing gas passage valve) 12b to the portion of
the cathode discharge pipe (oxidizing gas passage) 8
which is located downstream of the first exit-side valve
(second oxidizing gas passage valve) 12a, and the cath-
ode bypass valve 10 configured to open and close the
cathode bypass pipe 9.
[0139] The cathode bypass valve 10, the first exit-side
and inlet-side valves 12a and 12b of the cathode closing
device 12, the second inlet-side and exit-side valves 30a
and 30b of the anode closing device 30 are formed by,
for example, electromagnetic valves, and the cathode
hydrogen supply device 31 is formed by, for example, a
valve or a pump.
[0140] The controller 21 is electrically connected to
the blower 5, the hydrogen supply pump 28, the hydro-
gen return pump 29, the cathode hydrogen supply de-
vice 31, and the valves 10, 12a, 12b, 30a, and 30b and
configured to control these components to properly con-
trol the fuel cell system 39 to be described later. The
components to be controlled by the controller 21 are in-
dicated by a dashed line in Fig. 7.
[0141] Hereinbelow, the operation of the fuel cell sys-
tem 39 in a power generation period, including the stop
operation and the start operation (start-up operation) will
be described with reference to Fig. 7.
[0142] During the power generation period of the fuel
cell system 39, hydrogen stored in the hydrogen tank
27 is supplied by the hydrogen supply pump 28 to the
anode 1a of the fuel cell 1 through the hydrogen supply
pipe 37, and hydrogen unconsumed in the anode 1a of
the fuel cell 1 is exhausted into the hydrogen exhaust
pipe 38 and retuned to the anode 1a of the fuel cell 1 by
the hydrogen return pump 29 provided in the hydrogen
exhaust pipe 38. The second inlet-side and exit-side
valves 30a and 30b are opened.
[0143] The air from the blower 5 is supplied from the
blower 5 to the cathode 1c of the fuel cell 1 through the
cathode supply pipe 7, and the air unconsumed in the
cathode 1c is discharged to atmosphere through the
cathode discharge pipe 8. The first exit-side and inlet-
side valves 12a and 12b are opened.

[0144] During the stop operation of the power gener-
ation in the fuel cell system 39, the gas supply to the
cathode 1c of the fuel cell 1 is controlled as described
below.
[0145] The operation of the blower 5 is stopped to stop
the air supply to the cathode 1c of the fuel cell 1. There-
by, the power generation in the fuel cell 1 stops. And,
the cathode hydrogen supply device 31 guides the com-
bustible hydrogen to the portion of the cathode supply
pipe 7 which is located downstream of the first inlet-side
valve 12b through the cathode hydrogen supply pipe 48,
and to the cathode 1c of the fuel cell 1 through this por-
tion of the cathode supply pipe 7. At this time, the first
inlet-side valve 12b is closed and the first exit-side valve
12a is opened. When it is determined that all the air re-
maining in the cathode 1c of the fuel cell 1 has been
purged by the hydrogen supplied to the cathode 1c and
discharged from the cathode 1c to outside (atmosphere)
through the cathode discharge pipe 8, the first exit-side
valve 12a of the cathode closing device 12 is closed and
the supply of hydrogen to the cathode 1c of the fuel cell
1 is stopped by closing the cathode hydrogen supply de-
vice 31 in a case where the cathode hydrogen supply
device 31 is formed by a valve.
[0146] The hydrogen existing just after the exit of the
hydrogen supply pump 28 has an increased pressure.
By opening the valve which is the cathode hydrogen
supply device 31 in the cathode hydrogen supply pipe
48 with one end of the cathode hydrogen supply pipe
48 connected to the hydrogen supply pipe 37 just after
the exit of the hydrogen supply pump 28 and the other
end thereof connected to the portion of the cathode supp
pipe 7 which is located downstream of the first inlet-side
valve 12b, hydrogen can be guided to the portion of the
cathode supply pipe 7 which is located downstream of
the first inlet-side valve 12b and to the cathode 1c by
utilizing an internal pressure of hydrogen. If the pressure
of the hydrogen being supplied is deficient, hydrogen
may be supplied to the cathode 1c under pressure by
using a feed pump as the cathode hydrogen supply de-
vice 31.
[0147] Since the amount of air remaining in the cath-
ode 1c can be known in advance, the controller 21 de-
termines the flow rate of hydrogen which can purge al-
most all the air based on the amount of remaining air.
[0148] When the fuel cell system 39 terminates the
stop operation of power generation, the second exit-side
and inlet-side valves 30b and 30a of the anode closing
device 30 are closed to confine the hydrogen in the an-
ode 1a of the fuel cell 1, and then, the operations of the
hydrogen supply pump 28 and the hydrogen return
pump 29 are stopped.
[0149] After the power generation has been stopped
by the above described operation, hydrogen is filled and
kept in the anode 1a of the fuel cell 1, and the combus-
tible gas (hydrogen) is filled and kept in the cathode 1c
of the fuel cell 1. By doing so, oxidization and degrada-
tion of the anode 1a are inhibited.
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[0150] When the fuel cell system 39 starts power gen-
eration (starts-up operation), the gas supply to the cath-
ode 1c of the fuel cell 1 is controlled as described below.
[0151] The first inlet-side and exit-side valves 12b and
12a of the cathode closing device 12 and the cathode
bypass valve 10 are all opened, and the air starts to be
supplied from the blower 5 to the cathode 1c through
the cathode supply pipe 7. The air supplied from the
blower 5 flows through a passage A, i.e., from the cath-
ode supply pipe 7 to the cathode discharge pipe 8
through the cathode 1c of the fuel cell 1 and a passage
B, i.e., from the cathode supply pipe 7 to the cathode
bypass pipe 9 to flow through the cathode bypass valve
10. The air flowing through the passage A purges hy-
drogen filled in the cathode 1c, and these gases are dis-
charged into the cathode discharge pipe 8. The hydro-
gen is mixed with the air flowing through the passage B
at a point where the cathode discharge pipe 8 is con-
nected to the cathode bypass pipe 9 so that the com-
bustible gas in the gas mixture is diluted to have a con-
centration lower than the combustion lower limit, and the
resulting gas mixture is discharged outside (to atmos-
phere) of the fuel cell system 39.
[0152] The flow rate of the air flowing through the pas-
sage A and the flow rate of the air flowing through the
passage B are adjusted according to passage resistanc-
es described below. The flow rates are set so that the
concentration of the combustible gas in the gas mixture
discharged outside the fuel cell system 39 becomes low-
er than the combustion lower limit. Specifically, since hy-
drogen has a combustion range of about 4 to 75% in a
mixing ratio with air, the concentration of the combusti-
ble in the gas mixture finally discharged becomes lower
than 4% by setting the flow rate of the air per unit time
flowing through the passage B becomes more than 25
times as high as the flow rate of the air per unit time
flowing through the passage A. Since the passage re-
sistance of the gas mixture flowing through the passage
A is predictable, (flow rate per unit time of the passage
B) / (flow rate per unit time of the passage A) > 25 can
be set by adjusting, for example, an aperture diameter
of the valve which is the cathode bypass valve 10 to
thereby control the passage resistance of the passage
B.
[0153] After hydrogen filled in the cathode 1c of the
fuel cell 1 has been discharged to outside the fuel cell
system 39, the cathode bypass valve 10 is closed, and
the air is supplied from the blower 5 only to the cathode
1c of the fuel cell 1, thereby enabling power generation
to start.
[0154] As the means for mixing the air flowing through
the cathode supply pipe 7 with the combustible gas flow-
ing through the cathode discharge pipe 8, the dividing
device 16 of the second embodiment may be used in
the sixth embodiment instead of the cathode bypass
valve 10. Specifically, as shown in the portion represent-
ed by the dotted line in Fig. 7, the dividing device 16 is
provided at the connecting portion 17 between the cath-

ode bypass pipe 9 and the cathode supply pipe 7, in-
stead of the cathode bypass valve 10 in the cathode by-
pass pipe 9. The dividing device 16 is capable of dividing
the gas flowing through the upstream cathode bypass
pipe 7u into the gas flowing through the downstream
cathode supply pipe 7d and the gas flowing through the
cathode bypass pipe 9. Also, while the. first inlet-side
valve 12b of the cathode closing device 12 is replaced
by the dividing device 16, the first exit-side valve 12a
which is the cathode exit closing device exists. The di-
viding device 16 adjusts the ratio between the flow rate
of the gas flowing through the downstream cathode sup-
ply pipe 7d and the flow rate of the gas flowing through
the cathode bypass pipe 9 downstream of the connect-
ing portion 17. The adjustment of the ratio made by the
dividing device 16 is controlled by the controller 21. Al-
ternatively, using the combustor 4 or the exhaust pipe
23, mixing and dilution of the gas (hydrogen) filled in the
cathode 1c and air or the exhaust gas may be conducted
as in the operation of the third and fifth embodiments.
For example, as shown in alternations in Fig. 8, the cath-
ode combustion pipe 19 branching from a position of the
cathode discharge pipe 8 may be connected to the flame
burner 41 of the combustor 4, and the combustion pipe
valve 20 may be provided in the cathode combustion
pipe 19 (corresponding to the construction in the third
embodiment), the cathode exhaust pipe 25 branching
from a position of the cathode discharge pipe 8 may be
connected to the exhaust pipe 23 and the exhaust pipe
valve 26 may be provided in the cathode exhaust pipe
25 (corresponding to a fourth embodiment), or the cath-
ode discharge pipe 8 may be directly connected to the
exhaust pipe 23 (corresponding to the fifth embodi-
ment), so that hydrogen filled in the cathode 1c is mixed
with incombustible gas in the combustor 4 or the ex-
haust pipe 23 to be diluted, and the resulting gas mixture
is discharged to atmosphere.
[0155] In the start operation (start-up operation) of the
power generation in the fuel cell system 39, the second
exit-side and inlet-side valves 30a and 30b of the anode
closing device 30 are opened, and then the operation of
the hydrogen supply pump 28 and the operation of the
hydrogen return pump 29 start.
[0156] As described above, when the fuel cell system
39 starts power generation, the incombustible oxidizing
gas (e.g., air) supplied from the blower 5 flows through
the passage A, i.e., from the cathode supply pipe 7 to
the cathode discharge pipe 8 through the fuel cell 1 and
the passage B, i.e., to the cathode bypass pipe 9 pro-
vided with the cathode bypass valve 10. With the pas-
sages A and B set to have predetermined resistances,
the air flows therethrough.
[0157] When the air flowing through the passage A
purges the combustible hydrogen filled in the cathode
1c into the cathode discharge pipe 8, the discharged hy-
drogen is mixed with the air flowing through the passage
B so that the combustible gas in the gas mixture is di-
luted to have a concentration lower than a combustion
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lower limit, and the diluted gas mixture is discharged to
atmosphere.
[0158] During the stop period of the power generation
of the fuel cell system 39, hydrogen is filled and kept in
the cathode 1c of the fuel cell 1. In addition, the com-
bustible gas (hydrogen) is filled in the anode 1a. This
makes it possible to completely eliminate a cause of ox-
idization of the catalyst in the anode 1a of the fuel cell
1, and hence to avoid reduction of durability of the anode
1a of the fuel cell system 39.
[0159] Further, since the stop operation and keeping
operation of the fuel cell system 39 is carried out with
the first inlet-side and exit-side valves 12b and 12a of
the cathode closing device 12 closed, hydrogen sup-
plied to the cathode 1c of the fuel cell 1 by the cathode
hydrogen supply device 31 can be confined in the fuel
cell 1, and if hydrogen is kept for a long time period under
the stopped state of the fuel cell 1, the air will not enter
the cathode 1c of the fuel cell 1. Consequently, reduction
of durability of the fuel cell system 39 can be inhibited.
[0160] As thus far described, in the stop operation of
the power generation in the fuel cell system 39, the feed
gas supplied from the feed gas supply device 36 to the
anode 1a is used as the combustible gas filled in the
cathode 1c (first, second and third embodiments: Figs,
1, 2, and 3), the fuel gas produced from the feed gas in
the fuel generator 2 (hydrogen-rich gas having a content
of about 80% hydrogen) is used as the combustible gas
filled in the cathode 1c in the fourth and fifth embodi-
ments (Figs. 5 and 6), and hydrogen (pure hydrogen
having a content of 100% hydrogen) supplied from the
hydrogen supply device 47 to the anode 1a in the sixth
embodiment (Fig. 7) is used as the combustible gas
filled in the cathode 1c.
[0161] In the first to fifth embodiments, other than the
sixth embodiment using hydrogen, one of the feed gas
and the fuel gas may be suitably selected according to
a change in predetermined piping. It is desirable to fill
and keep hydrogen in a high concentration, for the pur-
pose of improving durability of platinum catalyst. None-
theless, the hydrogen must be treated carefully when
hydrogen which has a combustion concentration range
wider than those of other gases is discharged to atmos-
phere.
[0162] Numerous modifications and alternative em-
bodiments of the invention will be apparent to those
skilled in the art in the light of the foregoing description.
Accordingly, the description is to be construed as illus-
trative only, and is provided for the purpose of teaching
those skilled in the art the best mode of carrying out the
invention. The details of the structure and/or function
may be varied substantially without departing from the
spirit of the invention.

Claims

1. A fuel cell system comprising:

a fuel cell configured to generate electric power
using an oxidizing gas supplied to a cathode of
said fuel cell, wherein
a combustible gas is filled and kept in said cath-
ode after stop of power generation, and is
thereafter diluted by an incombustible gas
when the combustible gas is discharged to at-
mosphere.

2. The fuel cell system according to Claim 1, wherein
the combustible gas in a gas mixture containing the
combustible gas and the incombustible gas is dis-
charged to atmosphere in such a manner that the
combustible gas is diluted to have a concentration
lower than a combustion lower limit.

3. The fuel cell system according to Claim 1, further
comprising:

an oxidizing gas supply device configured to
supply the oxidizing gas;
an oxidizing gas passage through which the ox-
idizing gas supplied from said oxidizing gas
supply device is guided to said cathode, and
the oxidizing gas unconsumed in said cathode
is discharged to atmosphere;
first and second oxidizing gas passage valves
respectively provided at an upstream position
and a downstream position of said cathode in
a flow of the oxidizing gas, and configured to
open and close said oxidizing gas passage;
a combustible gas supply device configured to
supply the combustible gas to a portion of said
oxidizing gas passage which is located be-
tween said first oxidizing gas passage valve
and said cathode;
a diluting device configured to dilute the com-
bustible gas purged from said cathode to a por-
tion of said oxidizing gas passage which is lo-
cated downstream of said cathode by the in-
combustible gas and to discharge the diluted
combustible gas to atmosphere; and
a controller, wherein
in a stop operation of power generation in said
fuel cell, said controller is configured to close
said first oxidizing gas passage valve and to
supply the combustible gas from said combus-
tible gas supply device to said oxidizing gas
passage to allow the combustible gas to be
filled in said cathode, and to then close said
second oxidizing gas passage valve to allow-
the combustible gas to be kept in said cathode,
and
in a start operation of the power generation in
said fuel cell, said controller is configured to
open at least said first oxidizing gas passage
valve to supply the oxidizing gas from said ox-
idizing gas supply device to said cathode
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through said oxidizing gas passage to purge
the combustible gas filled in said cathode to the
portion of said oxidizing gas passage which is
located downstream of said cathode, and to
cause said diluting device to dilute the purged
combustible gas to be discharged to atmos-
phere.

4. The fuel cell system according to Claim 3, wherein
the incombustible gas is the oxidizing gas.

5. The fuel cell system according to Claim 4, wherein
said diluting device includes a cathode bypass pas-
sage configured to connect a portion of said oxidiz-
ing gas passage which is located upstream of said
first oxidizing gas passage valve to a portion of said
oxidizing gas passage which is located downstream
of said second oxidizing gas passage valve, and a
cathode bypass valve configured to open and close
said cathode bypass passage, and

when the combustible gas filled and kept in
said cathode is discharged, said first and second
oxidizing gas passage valves are opened, and said
cathode bypass valve is opened to allow the com-
bustible gas exhausted to the portion of the oxidiz-
ing gas passage which is located downstream of
said cathode to be mixed with and diluted by the
oxidizing gas flowing through said cathode bypass
passage, the diluted combustible gas being dis-
charged to atmosphere.

6. The fuel cell system according to Claim 5, wherein
a flow rate of the oxidizing gas flowing through said
cathode bypass passage is controlled by adjusting
passage resistance of said cathode bypass pas-
sage.

7. The fuel cell system according to Claim 6, wherein
the flow rate of the oxidizing gas flowing through
said cathode bypass passage is controlled by ad-
justing an aperture diameter of a cathode bypass
valve which is said cathode bypass valve disposed
in said cathode bypass passage.

8. The fuel cell system according to Claim 4, wherein
said diluting device includes a cathode bypass pas-
sage configured to connect a portion of said oxidiz-
ing gas passage which is located upstream of said
cathode to a portion of said oxidizing gas passage
which is located downstream of said second oxidiz-
ing gas passage valve, and a dividing device dis-
posed at a connecting portion between the portion
of said oxidizing gas passage which is located up-
stream of the cathode and said cathode bypass
passage, said dividing device being configured to
open and close said oxidizing gas passage and to
vary a ratio of a flow rate of the oxidizing gas flowing
through said cathode bypass passage to a flow rate

of the oxidizing gas flowing through said oxidizing
gas passage as said diluting device and said first
oxidizing gas passage valve, wherein

when the combustible gas filled and kept in
said cathode is discharged, said second oxidizing
gas passage valve is opened, and the combustible
gas exhausted to the portion of said oxidizing gas
passage which is located downstream of said cath-
ode is mixed with and diluted by the oxidizing gas
flowing through said cathode bypass passage in the
ratio adjusted by said dividing device, the diluted
combustible gas being discharged to atmosphere.

9. The fuel cell system according to Claim 3, wherein
said diluting device includes a combustion air sup-
ply device configured to supply air to a flame burner
of a combustor, a cathode combustion pipe config-
ured to extend from a position of said oxidizing gas
passage between said second oxidizing gas pas-
sage valve and said cathode and to be connected
to said flame burner, and a combustion pipe valve
configured to be opened and closed to open and
close said cathode combustion pipe, and wherein

when the combustible gas filled and kept in
said cathode is discharged, said second oxidizing
gas passage valve is closed and said combustion
pipe valve is opened, thereby allowing the combus-
tible gas to be guided to said flame burner through
said cathode combustion pipe and to be mixed with
and diluted by the air supplied from said combustion
air supply device, the diluted combustible gas being
discharged to atmosphere.

10. The fuel cell system according to Claim 9, wherein
the combustible gas is introduced to said flame
burner during a stop period of combustion in said
combustor.

11. The fuel cell system according to Claim 3, wherein
said diluting device includes an exhaust pipe
through which an exhaust gas generated by com-
bustion in said combustor is guided to atmosphere,
a cathode exhaust pipe configured to extend from
a position of said oxidizing gas passage between
said second oxidizing gas passage valve and said
cathode and to be connected to the exhaust pipe,
and an exhaust pipe valve configured to open and
close said cathode exhaust pipe, and wherein

when the combustible gas filled and kept in
said cathode is discharged, said second oxidizing
gas passage valve is closed and said exhaust pipe
valve is opened, thereby allowing the combustible
gas to be guided to said exhaust pipe through said
cathode exhaust pipe and to be mixed with and di-
luted by the exhaust gas, the diluted combustible
gas being discharged to atmosphere.

12. The fuel cell system according to Claim 3, wherein
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said diluting device includes an exhaust pipe
through which an exhaust gas generated by com-
bustion in said combustor is guided to atmosphere,
said exhaust pipe being connected to a portion of
said oxidizing gas passage which is located down-
stream of said second oxidizing gas passage valve,
and wherein

when the combustible gas filled and kept in
said cathode is discharged, said second oxidizing
gas passage valve is opened, thereby allowing the
combustible gas to be guided to said exhaust pipe
through said oxidizing gas passage and to be mixed
with and diluted by the exhaust gas, the diluted
combustible gas being discharged to atmosphere.

13. The fuel cell system according to Claim 11, wherein
the combustible gas is introduced into said exhaust
pipe during a combustion period of said combustor.

14. The fuel cell system according to Claim 12, wherein
the combustible gas is introduced into said exhaust
pipe during a combustion period of said combustor.

15. The fuel cell system according to Claim 9, wherein
said combustor is configured to heat a fuel genera-
tor configured to generate a fuel gas from a feed
gas.

16. The fuel cell system according to Claim 11, wherein
said combustor is configured to heat a fuel genera-
tor configured to generate a fuel gas from a feed
gas.

17. The fuel cell system according to Claim 12, wherein
said combustor is configured to heat a fuel genera-
tor configured to generate a fuel gas from a feed
gas.

18. The fuel cell system according to Claim 1, further
comprising:

a fuel generator configured to generate a fuel
gas from a feed gas, wherein the fuel gas is
supplied from said fuel generator to an anode
of said fuel cell to generate electric power, and
the combustible gas is one of the feed gas and
the fuel gas.

19. The fuel cell system according to Claim 1, further
comprising:

a hydrogen supply device configured to supply
hydrogen, wherein the hydrogen is supplied
from said hydrogen supply device to an anode
of said fuel cell to generate electric power, and
the combustible gas is hydrogen.
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